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Description 
Method of Honing Bores 

Background of Invention 

[0001] 1. Field of the Invention. 

[0002] The invention relates to a method of honing bores, in par- 
ticular, cylinder bores in crankcases of internal combus- 
tion engines. 

[0003] 2. Description of the Related Art. 

[0004] In truck engines, cylinder linings that are made by spin 

casting are often employed as piston bearing surfaces be- 
cause this material is more wear resistant than the mate- 
rial of the engine block. Such cylinder liners however re- 
sult in relatively high costs with regard to manufacture as 
well as assembly of the engine block. Therefore, it has al- 
ready been proposed to partially harden the piston bear- 
ing surface of the engine block within the upper reversing 
area of the piston movement in order to achieve in this 
way a higher wear resistance. In this way, a separate 
cylinder liner is not needed. For example, hardening can 



be achieved by using a method employing a laser; how- 
ever, the more economical and cost efficient alternative is 
induction hardening. When using induction hardening, 
non-concentric bore constrictions result; this prevents the 
use of conventional honing processes. 
[0005] For processing partially hardened cylinder bores in 

crankcases, the method of coaxial honing has been devel- 
oped; it is described, for example, in European patent 0 
535 201 Bl or in VDI-Z, volume 6 (2001), pp. 49ff, in the 
article "Honen - Fortschritte durch optimierte Werkzeuge 
und Prozesse"(Translation: Honing - Advances through 
Optimized Tools and Processes) authored by U. Klink and 
G. Flores. The tool described in this article contains two 
sets of tool members that can be radially advanced or fed 
independently from one another. The lower set of tool 
members consists of hard metal guides that rest against 
the bore wall that has been pre-machined. In this way, the 
tool is oriented with regard to direction and central posi- 
tion relative to the bore axis. The diamond honing stones 
of the upper tool member set are subsequently expanded 
and machine the hardened bore section with the constric- 
tions. The feed of both sets of tool members and thus 
their expansion is carried out separately. In this connec- 



tion, feeding of guides can be realized hydraulically wliile 

tlie diamond honing stones are advanced electro- 

mechanically. 
Summary of Invention 

[0006] It is an object of tlie present invention to optimize honing 
of bores that have a hardened section. It is therefore the 
object of the present invention to further develop a 
method for honing bores, in particular, cylinder bores in 
crankcases of internal combustion engines, such that 
honing is more efficient and performed with greater di- 
mensional precision. 

[0007] In accordance with the present invention, this is achieved 
for two sections of the surface to be machined in the 
bores that have different hardness and are sequentially 
arranged in the axial direction of the bore, which sections 
are first subjected to a pre-machining step and subse- 
quently partially hardened, in that in one of the sections 
the honing tool is radially supported by means of guides 
arranged on the honing tool while honing stones arranged 
on the honing tool machine the hardened section so that 
material is removed, wherein feeding of the guides is re- 
alized independent of feeding of the honing stones, and 
wherein feeding of the honing stones is realized as a 



force-guided electro-mechanical advancement and the 
working stroke of the honing tool is adjusted continuously 
at least towards the end of the honing process and the 
honing tool is expanded according to a defined feeding 
mode. 

[0008] According to an advantageous embodiment of the 

method, the adjustment of the working stroke of the hon- 
ing tool can be carried out toward the adjoining section of 
reduced hardness of the bore. By this measure, a gradual 
transition between the honed and the unhoned section is 
achieved, i.e., between the soft section and the hardened 
section of the bore. In another embodiment of the method 
according to the invention, the adjustment of the working 
stroke of the honing tool is carried out in the direction to- 
ward the open end of the hardened section. In this way, a 
slight alteration of the bore opening can result or a burr 
that is present can be removed. 

[0009] Inasmuch as a particularly smooth transition from the 
hardened section to the softer section is to be achieved 
and additionally the bore opening is to be machined, it is 
advantageous to carry out the adjustment of the working 
stroke of the honing tool in the direction of the adjoining 
section of the bore as well as in the direction of the open 



end of the hardened section. 

[0010] In the case of certain bores, it can be advantageous that 
the end of the bore has a counterbore so that the honing 
process in this area can be designed accordingly. The 
term counterbore is used in fine machining to define an 
outwardly widening contour near the end of a bore. In this 
connection, the shape of the bore deviates from the ideal 
shape of a cylinder. This means an increase of the bore 
diameter at the respective end of the bore. The counter- 
bore produced accordingly relieves the subsequent honing 
operation in that at the upper end of the bore less mate- 
rial must be removed. 

[00^^] in the case of inductive hardening, no homogenous hard- 
ening occurs in the upper area of the bore; instead, corre- 
sponding to the hardening tool, hardened longitudinal 
strips with soft intermediate spaces are formed. As a re- 
sult of these areas with different hardness in the hardened 
section of the bore, different removal rates during honing 
must be expected. In order to be able to maintain a con- 
stant protrusion of grains relative to the binding layer of 
the honing stones, an alternating change of the rotary di- 
rection of the honing tool can be carried out in different 
ways. One possibility resides in that thedirection change 



of the honing tool is carried out after every machining cy- 
cle. However, it may also be expedient to carry out the ro- 
tary direction change of the honing tool once during each 
machining cycle, for example, upon reaching half the 
thickness of the material layer to be removed. Another 
possibility resides in that the rotary direction change is 
carried out at least twice during a machining cycle. 
[0012] Moreover, it is advantageous to measure the advancing 
(feeding) force of the honing stones continuously and to 
maintain the advancing force within a pre-determined 
bandwidth of an upper limit and a lower limit and to per- 
form the expansion of the honing stones in steps when 
reaching the lower limit of the advancing force, respec- 
tively. In this way, during the entire honing operation the 
advancing force is maintained constant within narrow lim- 
its so that undesirably high pressing forces of the honing 

stones on the bore wall can be prevented. 
Brief Description of Drawings 

[0013] Fig. 1 is a longitudinal section of a honing tool for coaxial 
honing positioned in a bore with a hardened section. 

[0014] Fjg, 2 is a section of a plane that is displaced relative to 
the view of Fig. 1 by an angle about the longitudinal axis 
of the honing tool of Fig. 1. 



[0015] Fig. 3 is a schematic illustration of the advancing (feeding) 

device of the honing stones. 
[0016] Fig. 4 is a diagram showing the course of advancing of the 

honing stones. 

[0017] Fig. Sshows a schematic illustration relating to the change 

in working stroke. 
[0018] Fig. 6 is an alternative embodiment with respect to Fig. 5. 

Detailed Description 

[0019] Fig. 1 shows a longitudinal section of a honing tool 1 

which is suitable for coaxial honing. The honing tool 1 is 
positioned in a bore 3 of a workpiece 2 wherein the work- 
piece 2, for example, is the crank case of an internal com- 
bustion engine. The bore 3 comprises a section 4 that is 
not hardened and a hardened section 5, wherein the 
hardened section 5 is provided at the upper end of the 
bore 3, as shown in Fig. 1. The hardened section 5 can be 
produced by induction hardening, for example. The hon- 
ing tool 1 comprises a tool head 6 with radially expand- 
able honing stones 10 and radially expandable guides 9. 
The guides 9 are supported on the bore wall within the 
section 4 that is not hardened, while the honing stones 10 
rest against the wall in the hardened section at a prede- 



termined force load. A first advancing device 7 for tlie 
guides 9 and a second advancing device 8 for the honing 
stones 10 are provided. The second advancing device 8 is 
a force-guided electro-mechanical step adjuster. The 
honing tool 1 can be driven about its longitudinal axis L in 
a first direction of rotation 24 and in a second direction of 
rotation 25. 

[0020] Fig. 2 shows a section according to Fig. 1 in a plane that is 
moved about an angle about the longitudinal axis L of the 
honing tool 1. In this plane, the tool head 6 is provided 
with lower air measuring nozzles 11 for performing refer- 
ence measurements and upper air measuring nozzles 12 
for performing process measurements during honing in 
the hardened section 5. 

[0021] Fig. 3 shows a schematic illustration of the adjusting 

(feeding) device for the honing stones 10. For controlling 
the advancing movement, a spindle 17 is provided with a 
force measuring device 13 that measures the force with 
which the honing stones 10 are forced against the surface 
to be machined wherein between the honing stones 10 
and the force measuring device 13 only the second ad- 
vancing device 8 is present. In this regard, the signal that 
is measured by the force measuring device 13 corre- 



spends to the actual value at the honing stones 10. The 
advancing device comprises also a stepper motor 14 
whose output shaft acts on a gear 15 that meshes with a 
second gear 16; the gear 16 is supported on the spindle 
17. As soon as the demand for further advancement is 
present and a corresponding signal is sent to the stepper 
motor 14, the stepper motor 14 drives the gear 15 by a 
certain rotational angle; in turn, the other gear 16 is also 
rotated and, in this way, the spindle 17, as illustrated in 
Fig. 3, is moved downwardly. In this way, the honing 
stones 10 are radially expanded or spread apart by the 
predetermined amount. 
[0022] Fig. 4 shows a diagram of the course of advancement of 
the honing stones as a function of the advancing force 
over the duration of honing. In the diagram, F refers to 
the course of the advancing force that is plotted against 
the axis of time t. The reference sign s refers to the ad- 
vancing stroke within the same temporal course t. For the 
advancing force a nominal value range 20 is provided that 
is defined by an upper limit 18 and a lower limit 19. It is 
obvious that the nominal value range 20 is adhered to 
within relatively narrow limits. The force-controlled elec- 
tro-mechanical honing stone advancement is a particu- 



larly suitable configuration for performing the metliod ac- 
cording to tlie present invention. It combines in a suitable 
way the features of a positive-locking stepped tool ex- 
pansion with the functions of a force-locking permanently 
acting advancing device. 
[0023] The constructive configuration of the advancing chain, as 
illustrated in Fig. 3, is comprised of a stepper motor 14, a 
transmission with gears 15, 16 for converting a rotational 
movement into an axial movement, a force measuring de- 
vice 13 between the threaded member or spindle 17, and 
the advancing device 8 of the honing tool 1. During the 
entire honing operation, the force-controlled electro- 
mechanical adjustment according to Fig. 4 keeps the ad- 
vancing force constant within narrow limits, i.e., within 
the upper limit 18 and the lower limit 19. In this way, ap- 
proximately constant advancing forces F act on the bore 
wall and on the working surface of the honing stones. As 
long as the advancing force F is within the determined 
nominal range, no further expansion occurs. Only when 
the advancing force F decreases as a result of the increas- 
ing material removal and the lower limit 19 is reached in 
turn, further expansion (optionally in several steps, as in- 
dicated in Fig. 4) is performed until the upper limit for the 



advancing force F is readied again. In tiiis way, a continu- 
ous increase of tlie advancing pressure is prevented, and 
a high degree of dimensional stability and shape stability 
is achieved because the advancing stroke s and the mate- 
rial removal are substantially identical. 
[0024] The honing operation is terminated when the expansion 
travel or stroke s that is preset or computed by the honing 
program is reached with the predetermined advancing 
force F. In this way, not only the expansion stroke is deci- 
sive for the process termination but also the contacting 
force that is acting on the working surface of the honing 
stone at the time of termination. In this way, a high di- 
mensional stability of +/- 0.2 ^m is possible in individual 
cases. In this way, under certain circumstances, gear 
wheels, connecting rod eyes, or cylinder bores can be ma- 
chined within a range of a few micrometers by means of 
the first honing operation without requiring additional on- 
line measuring devices or after process measuring de- 
vices. 

[0025] The machining operation of coaxial honing is realized in 
the range of shape deviations of the bores that in the 
present example have been caused by hardening and the 
resulting distortions. They are represented by eccentric 



constrictions of the bore as is illustrated, for example, in 
Fig. 1. For example, an operating mode can be employed 
that is illustrated in Fig. 5 in order to obtain a gradual 
transition from the unhardened to the hardened section. 
[0026] Fig. 5 shows a section of the bore 3 in the workpiece 2 in- 
dicating the sections 4 and 5. The main removal is 
achieved initially by the initial stroke position. In this con- 
nection, the machining range is limited at the top by the 
bore edge, as illustrated by the upper stroke position 
10.1. Moreover, the machining area is limited at the bot- 
tom by the lower edge of the honing stones 10 at the 
lower stroke reversing point that is located at the transi- 
tion from the hardened section 5 to the section 4 that is 
not hardened. This stroke reversing point is referred to as 
the lower stroke position 10.2. In order to be able to 
achieve a gradual transition between the honed and the 
unhoned areas, i.e., between the relatively soft section 4 
and hardened section 5 of the bore 3, the last machining 
strokes are increased at the lower end by a few millime- 
ters, respectively. This movement of the stroke position in 
the downward direction is illustrated in Fig. 5 by the 
changed position of the honing stones 10 at the stroke 
reversing point (10.2). In this way, the effective area of the 



honing stones 10 extends past the area that has been 
machined previously and passes over into the previously 
unmachined section 4 of the bore 3. In this way, continu- 
ous (step-free) transitions can be achieved. 

[0027] pig_ 5 shows an embodiment variant of Fig. 5. In Fig. 6 
processing of the hardened section 5 of the bore is per- 
formed such that toward the end of the honing operation 
a continuous change of the upper honing position 10.1 is 
realized by moving the reversing point farther out of the 
hardened section 5. Of course, this stroke displacement in 
the direction of the open end 23 of the bore 3 can also be 
combined with the displacement of the lower stroke posi- 
tion 10.2 illustrated in connection with Fig. 5. Depending 
on the point in time during the processing cycle when the 
change is realized, i.e., even significantly before the end 
of the honing process, and depending on the absolute 
value of the displacement and/or of the contact pressure, 
the bore 3 can be designed at the open end 23 as a 
rounded contour 22 as illustrated in Fig. 6 in a dashed 
line; this provides a counterbore 21 of the bore 3. 

[0028] As already mentioned, the honing tool illustrated in Fig. 1 
is driven alternatingly in both rotational directions. The 
point in time of reversal of the rotational directions can be 



determined based on the duration of tlie expected lioning 
process so that it may be sufficient for short machining 
cycles to change the rotational direction after completion 
of the cycle. For longer processing cycles, the directional 
change should occur during the cycle; this can be carried 
out once or several times, as needed. 
[0029] While specific embodiments of the invention have been 
shown and described in detail to illustrate the inventive 
principles, it will be understood that the invention may be 
embodied otherwise without departing from such princi- 
ples. 



